1 While discussing the co-benefits, it is important to understand two things. (a) Economic, social, and environmental growth (triple bottom line) -occurs first in the urban centers (b) The urban centers will be the first to react to any policy and regulation changes on emission control -local and global.
Focusing on global emissions alone will not be enough -we need to get out of this pervasive either-or thinking. Local pollution and global climate change are not mutually exclusive. Instead, they are meant to be tackled together. One without the other will not work. It's a matter of simple mathematics and increasing the effectiveness of the interventions via cobenefits.
Due to regulations and compliance issues for urban centers -industrial and residential, the primary driver for any policy intervention remains the local air pollution. It is important to note that reducing local air pollution via technical, policy, or economic interventions, leads to co-benefits reducing not only the particulate pollution but also regional pollutants such as sulfur dioxide causing acid rain or carbon dioxide leading to climate change.
Co-Benefits Framework for Multi-pollutant Strategy
For a growing number of cities, the main environmental concern still remains local pollutants 2 , primarily the particulate matter (PM 10 with aerodynamic diameter less than 10 μm and PM 2.5 with aerodynamic diameter less than 2.5 μm). The cities with higher transport quotient are now experiencing higher ambient levels of Ozone, which is formed due to chemical reactions between the NO x and VOC emissions.
Almost all the megacities of today (e.g., Bangkok, Beijing, Mumbai, Tokyo, and Manila) and potential megacities of tomorrow (e.g., Xian, Pune, and Hanoi) in Asia suffer from urban air pollution and its environmental health consequences. A recent conference on Cobenefits 4 concluded that Current science emphasizes the urgent need to address air pollution and climate change in an integrated way. We should no longer treat these two issues separately as we strive to achieve sustainable development and a low carbon society.
In both developing and industrialized countries, abatement of air pollution and mitigation of climate change have generally been treated separately. There are, however, large benefits in considering the control options together; such approaches would mostly lead to increased health and/or climate benefits and decreased costs.
A co-benefits approach is increasingly becoming a starting point for discussing integrated programs benefiting climate change and air quality alike 5 . Figure 1 depicts a scenario where the co-benefits can aide decision making over a variety of control measures. For example, policies designed to reduce the impact of transport on air quality by tackling congestion and encouraging a shift to public transport, walking, and cycling should also reduce CO 2 emissions. Measures to improve energy efficiency and cut energy demand, reduces air pollutants and GHG emissions together during electricity generation.
In the developing countries, this approach is being recognized as a practical and effective tool in technical, policy, economic, and institutional perspectives.
Further more, transport, the fastest growing GHG emitting sector 6 , is also one of the main culprits (if not the primary) causing air pollution in a growing number of cities. Figure 2 presents a summary of share of transport to local air pollution, based on a series of source apportionment studies in the megacities across the world. These represent only the direct emissions from the vehicles and not include the fugitive dust from paved and unpaved roads due to the vehicular activity, which is a major part of the measured particulates, especially in the developing countries. In Asia, the secondary cities, with population more than 2 million are increasing and following the trends of megacities, given the economic and industrial growth, demanding more personal cars, and increasingly facing the air pollution problems.
The one parameter that connects the transport and emissions is the usage, for the modelers, it is vehicle kilometers traveled (VKTs). More VKT = more fuel burnt = more emissions (local and global). The solution to reducing pollution at any level is reduction of VKT, especially passenger vehicles with low capacity. The growing number of vehicles on the road is also the leading cause of congestion resulting is loss of fuel efficiency 7 , more emissions at the intersections, higher ambient concentrations and higher exposure levels. Overall, by reducing the number of VKTs and better traffic management will result in better fuel efficiency = less fuel burnt = less emissions (local and global). With the growing awareness for clean air 9 , besides the pressure to support the infrastructure needs, priority will shift to air pollution and then the global GHGs. However, this shouldn't suggest that the concept of low carbon society takes the second seat. The interventions that cities are trying to implement, ranging from improving public transport (road and rail) or promoting non-motorized transport, the benefits for local and global pollutants and sustainability are mutual. This paper is intended to present an overview of control measures for air pollution and GHG emission reductions.
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Control Measures for Local Air Pollutants & GHG Emissions Control
It is difficult for city managers to address air pollution and GHG emissions reductions in a systematic manner given a history of limited capacity, institutional fragmentation, poor availability and quality of data, lack of adequate modeling tools, poor public participation and a bewildering array of policy, technical, economic, and institutional management options listed in Table 1 . There is no single measure on its own that will realize the full attainment of the co-benefits objectives and so packages of measures will need to be deployed. Measures can be technological (e.g. fitting pollution abatement technologies to road vehicles and industrial processes) as well as measures designed to change behaviors (e.g., smarter choices, traffic management measures, incentives for cleaner vehicles and road pricing).
Road transport is a key source and the two main trends in the transport sector working in opposite directions are (1) new vehicles becoming individually cleaner in response to emission standards legislation but (2) total VKTs are increasing. Promising areas of improved co-benefits are (a) introduction of an effective inspection and maintenance program for all types of vehicles, starting with passenger cars and motorcycles (b) improving the quality of fuel by decreasing the sulfur content of diesel to reduce SO 2 emissions -a precursor to secondary PM (c) introducing stricter regulations against fuel efficiency of the vehicles on the supply side of the road transport (d) promoting public transport and increasing access to public transport via infrastructure development for bus rapid transport and metro rail systems and last but not the least (e) promoting non-motorized transport in the cities by building walkways and bikeways.
In case of public transport, bus rapid transport (BRT) is a growing trend 10 . The cities of Bogata and Curitiba are revered examples for BRT 11 and while Latin America cities have been the BRT pioneers, the technology is spreading to the rest of the world. Table 2 presents a list of cities currently operating or preparing to implement BRT systems in Asia. While the BRT is effective in improving the traffic conditions and creating opportunities to shift people from personal to public transport, one should consider if by just increasing the bus fleet and improving the inspection and maintenance program might create the same opportunities. This distinction and understanding of the local needs is necessary and might be cost effective, if an informed decision is made by the stakeholders. There is a lot of interest in this intervention, due to its appeal to the politicians and the public, but it is important to better understand the system for effective and speedy implementation 12 , especially to avoid the failures of Delhi, India (2008) 13 14 . Among the fuel substitution options, liquefied petroleum gas (LPG) and compressed natural gas (CNG), appears to be a relatively wide-scale method of reducing local pollution in the transport sector, provided availability of the necessary infrastructure to supply and administer at larger scales. LPG is primarily suited to cars and small petrol vehicles and is currently in use by at least ~50% of the 3-wheelers in urban India, after they are retrofitted from petrol base. The CNG is suited for light duty trucks and heavy duty buses in the public transport, but the supply chain is limited. The Delhi transport corporation 16 operates the largest CNG based bus transport system in the world. Other cities like Hyderabad (India) are trying to replicate the CNG conversion, but the availability is a growing issue. Currently five public transport buses are in testing phase with a supply of 3 tankers of CNG every day from filling stations in Vijayawada (India). Similar initiatives are in planning stages for cities like Hanoi (Vietnam), Kathmandu (Nepal), and Lahore (Pakistan). With these alternative fuels, the cost benefits are mainly applicable where high mileages are the norm. These are infrastructure dominated measures to ensure supply and distribution and needs long term feasibility studies.
Hybrid vehicles are still in the beta stage, with dual fuel cars and 3-wheelers, and some electric bikes. The proportional saving of energy (more mpg) is truly green. If optimistic, perhaps the hybrid cars will start an alternative approach to transport, increasingly using efficient electrical motors, as seen among a small fraction of motorcycles 17 . Rebound effects need to be monitored
Congestion pricing and traffic management
Reduces congestion and idling; discourages car use; results in fuel savings; However, the exact impact on eCO 2 emissions is unknown.
Among the non-road transport interventions, the fugitive dust due to entrainment is a major source of air pollution. This intervention is for 100% local benefits. In the past, the city officials have piloted heavy machinery sweepers followed by wet sweeping to control the dust loading on roads, which are operated at the night time 19 .
Congestion pricing 20 in the urban centers is among the first of economic measures and successfully implemented in the cities of Singapore (Singapore), London (UK) and Stockholm (Sweden) 21 . Congestion pricing is the practice of charging motorists to use a roadway, bridge, or tunnel during periods of the heaviest use. Its purpose is to reduce automobile use during periods of peak congestion, thereby easing traffic and encouraging commuters to walk, bike or take mass transit as an alternative. It is important that city provides for the alternative transport modes before implementing this measure. On an average, in London, congestion pricing is expected to reduce 20-30% of the downtown passenger car traffic and promote the non-motorized transport 22 . In Singapore, the average traffic speed increased by at least 10 mph. In 2006, Stockholm experienced an immediate reduction of at least 20 percent in the daily car use 23 . In all three cities, a reduction in eCO 2 emissions between 10 to 20 percent is expected, along with health benefits of reducing the local pollutants. Economic instruments like congestion pricing have been successful in these cities for one important reason -the cities operate a widely accessible public transport system which can support the shift to car-free transport. The public transport is still in its infancy (at the levels comparable to developed countries) in Asian cities and the social and economic structure of the cities is a barrier yet to cross for effective implementation of this option.
Stockholm, Sweden
London, UK In the industrial sector, the energy efficiency of fuel combustion 24 , especially coal and diesel, is vital. The industrial sector and (to some extent) the domestic sector uses substantial amount of diesel and bunker fuel for alternative power using generator sets. The mix of fuels range from wood to coal to oil to other biomass and some unconventional sources. With the energy demand in the industrial sector rapidly growing, strict implementation of energy efficiency will have a significant influence on local and global emission levels 25 . Industrial zoning and land-use planning are also key to reducing the exposure levels. With the city expanding in all four directions, the human exposure to higher pollution levels is expected to increase, and it is important that authorities introduce clear interventions to move the densely packed industries away from the populated areas. And while urban planning, new commercial and residential establishments should consider implications of zoning, and on vehicle traffic and pedestrian movement.
For example, in Delhi (India), a large portion of the industries were relocated to the outskirts at the same time of the CNG bus conversion, which resulted in a coupled effect of reducing the air pollution emissions by at least 30-40 percent. However, while the impact of each of the interventions is unknown, this was effective in reducing the local emissions. It is important to note that anytime there is relocation, the industries are bound to improve the technology in-use and power consumption patterns, which results in the co-benefits of reducing the fossil fuel use and GHG emissions. This was also evident during the Olympic games of 2008, when stricter regulations prohibited half of the passenger cars to travel in Beijing (China) on a daily basis and either relocated or stopped the industrial activity in the city limits 26 .
Interventions to substitute unconventional fuels with traditional fuels which can be controlled better are also encouraged. In some of the manufacturing sectors, such as tanning and bricks, it is known to burn unconventional field residues adding to unaccounted local and global emissions. This can also be averted by introducing stricter emissions standards to small and medium scale enterprises followed by periodic inspections and enforcement.
With the real estate booming in Asia, the share of brick and cement industries is increasing and so is the local and global emissions. Today, there are a series of approved CDM mechanisms to support speedy conversions to energy efficient systems and technology to reuse the residual heat and material from the plants 27 .
The programs similar to Green buildings in India 28 are increasing in residential complexes, exhibition centers, hospitals, educational institutions, laboratories, information technology parks, airports, government buildings, and corporate offices. The move is opening up new challenges and opportunities for everyone from architects, builders, material, and equipment suppliers to real estate developers, property operators, and individual owners and a way to low carbon society.
The power plants are the largest energy consumers in any nation and coal is still the lowcost, per BTU, mainstay of both the developed and developing world, and its use is projected to increase 29 . The pollution though not directly affecting the local ambient levels, due to their release height and dispersion to longer distances compared to ground level sources such as transport and domestic sector, their impact felt at various levels - In Asia, China is experiencing the most of acid rain episodes, due to bludgeoning power generation industry 32 33 . In the late 90's, the RAINS-Asia program analyzed this issue and successfully negotiated and suggested series of solutions for the Asian countries 34 . Among the state of the art technology for the power plants, IGCC and combined heat and power (CHP) appears to be the economic choice for new coal plants. The CHP systems are known to produce up to 60-65 percent efficiency compared to 30-40 percent efficiency among the known technology 35 and reduce the electricity generation losses significantly (shown in Figure 4 ). The demand for electricity is predominantly in the urban centers and the proximity of the power plants and coal processing units, makes them one of the largest targets for co-benefits. UNFCCC has also approved a CDM methodology for CO 2 emissions, supporting the power plants implementing newer technology to improve efficiency and cut local and global emissions 36 . The flyash is increasingly being used in the brick manufacturing adding to material savings and economic benefits.
In the domestic sector, most often, only the urban residential areas are supplied with LPG. The poor in the slum areas, along the construction sites (the most in the last five years), and partly some restaurants, still use conventional fuels such as coal and unconventional fuels such as biomass and agricultural waste, which is closely related to social behavior. As part of the urban planning, more regulated supplies are required to control this uncertain source of emissions.
In the households, efficient lighting and energy efficient appliances need promotion 37 . IFC led, Efficient Lighting Initiative 38 , catalyzed vibrant markets for energy efficient lighting over three years to reduce GHG emissions in seven countries--Argentina, the Czech Republic, Hungary, Latvia, Peru, the Philippines, and South Africa. One of the success stories in 2008 is the programmatic CDM methodology for supporting cheaper supply of CFL's in India, undertaken by the Bureau of Energy Efficiency 39 . This program is intended to share the CDM revenues with the public, by reducing the market price of CFL's. A pilot is currently underway, in the city of Vizag (India) to sell CFL for Rs. 15 (~US$0.3) 40 .
In the domestic and to some extent in the industrial sectors, the share of renewable energy, in the form of wind and solar power, is slowing increasing. The renewables, which offer a chance to reduce carbon emissions, clean the air, and put our society on a more sustainable footing. This has however brought about the need for technology innovation to lower costs, and requires skilled manpower, especially in the developing nations where technology advancement is limited. In 2007, more than $100 billion was invested in new renewable energy capacity, manufacturing plants, and research and development 42 . Figure 5 presents an overview of types of renewable energy in use.
Most common interventions are biomass, wind, and solar, in various capacities for domestic and industrial usage. Interesting point to note is that most of the interventions are local based than large scale projects feeding the electricity grid. The biomass projects like Jatropha in India 43 or African countries 44 have been successfully implemented to cover local energy needs; benefiting the locals from not only reducing their carbon foot print by moving away from the fossil fuels, but also reducing the local problems such as indoor 45 and outdoor air pollution.
Also the solar and PV installations have been successful at small scale and primarily at the rural level, benefiting electricity needs, water heating, and some cooking 46 . The city of Rizhao (China) was declared the first carbon neutral city this year, using solar water heaters In the developing countries, the indoor air pollution is a primary health hazard. Main interventions in place to check this problem include provision of improved cooking stoves, kitchen designs with proper ventilations, and some innovative technological options such as solar heaters and cookers. Similar to the transport sector, if the efficiency of the stove burning is improved, the fuel burnt will less and hence less exposure to the pollutants and less GHGs produced.
In Mongolia
In Sri Lanka In Mongolia, the interventions put in place are expected to derive co-benefits to the largest extent. Especially, the improved stoves introduced under the global environmental facility program, are expected to deliver at least 20 percent reductions in the coal and wood usage. The results are published as part of the ESMAP knowledge series 51 . In 2006, with more than 120,000 households using at least 5 tons of coal per year, results in reduction of 120,000 tons of coal usage, equivalent of ~24,000 tons of CO 2 per year -a co-benefit and way to low carbon society. This analysis 52 focuses more on the outdoor air pollution, but the indoor air pollution is as important and the improved stove was effective in reducing these affects significantly 53 .
In 2008, the EBRD is spearheading a project to help over 140,000 households in Ulaanbaatar switch from using the high polluting raw coal that swathes parts of the capital in smog for six months a year to clean coal 54 . The short term actions such as installing solar panels, introducing efficient stoves, education and awareness of kitchen ventilation are less capital intensive and while they require mobilization at the user level, are relatively easier to implement and beneficial for indoor and outdoor pollution control.
In 2008, Cambodia became the first carbon trading cooperative 55 for the stoves program, which is very encouraging for the other developing countries to follow. The Geres Climate Change Unit, responsible for putting the program together says it is an example of how a small-scale, not-for-profit project can break into the carbon credit market and lead to not only reducing the indoor air pollution by fuel savings, but also carbon benefits.
A similar program in Sri Lanka, introduced a stove called "Anagi" by a local NGO called IDEA 56 . They improved from the local 3-stone stove to a design using flue gas for secondary burning. This stove sells for a very reasonable cost with a 2 year life time and is expected to provide at least 30 percent reductions in the fuelwood used for cooking. A methodology to cash in on these reductions of renewable biomass like fuelwood is under works and looking forward to replicate the success stories of Cambodia.
One of the serious measures which need immediate attention is the biomass waste burning at the landfills, roadsides, and residential areas. It is a common site in the fall time when the fallen leaves are swept and put to fire; throughout the year piles of rubbish at residential curb sites put to fire, emitting unprecedented amounts of particulates and other carcinogenic emissions. A complete ban of this activity is a must. With the introduction of CDM methodologies 57 , waste to energy programs 58 either by incineration or methane capture is gaining ground over traditional energy sources for in-situ use.
Lastly, among the non-measures, an important aspect of policy planning is knowledge base management. In order to make informed choices amongst this bewildering array of options discussed above, decision-makers need to be able to analyze these options from an environmental, economic, social, political, and economy viewpoint. This approach is effective in brining together interdisciplinary stakeholders and collecting knowledge from a large pool of decision makers and end users. All this requires flexible analysis frameworks to evaluate options as they emerge, which, in turn, need substantial quantities of relevant information on various aspects of emissions and characteristics of management options. 
Operationalizing Co-Benefits Framework
A successful strategy to address air pollution and GHG emissions will and should include a combination of short term and long term solutions.
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Climate change mitigation Energy management Air quality management Operationalizing the idea of co-benefits will require specifying which institutional arrangements will be employed and which incentive structures will be established to reap said benefits. Unfortunately, integrating among the multi-stakeholder network (presented in Figure 7 ) in any city that respond to these questions presents yet another challenge. This challenge arises, in part, from the fact that environmental goals are interdisciplinary with varying levels of impacts. Some measures require international agreement, for examples the measures targeting the GHG emissions, while the others can be more determined at national or local level.
The study "Urban Air pollution in Asian sities" jointly conducted by the Clean Air Initiative for Asian Cities (CAI-Asia), Stockholm Environment Institute (SEI) and the United Nations Environment Programme (UNEP) ranked cities for information available and their decision making capacity 60 . This capacity in Asia needs immediate strengthening and the efforts to address local and global emissions in a co-benefits framework. 
